Objective: To quantify the treatment effects of interradicular miniscrew anchorage and to confirm the validity of the clinical usage of interradicular miniscrews in the distal movement of maxillary molars in nonextraction treatment. Materials and Methods: Twenty-four maxillary molars were moved to the distal using miniscrews placed in the interradicular space between the second premolar and the first molar at an oblique angle of 20 to 30 degrees to the long axis of the proximal tooth. The teeth were evaluated as to how the molars were moved to the distal with the use of lateral cephalograms and dental casts. Results: Maxillary molars were moved to the distal by 2.8 mm with distal tipping of 4.8 degrees and intruded by 0.6 mm. Maxillary incisors were moved to the distal by 2.7 mm with palatal tipping of 4.3 degrees. Molar extrusion and/or consequent mandibular rotation was not observed in any patient. Conclusion: Miniscrews placed in the maxillary interradicular space provide successful molar distal movement of 2.8 mm without patient compliance and with no undesirable side effects such as incisor proclination, clockwise mandibular rotation, or root resorption. (Angle Orthod. 2009;79: 78-84.) 
INTRODUCTION
The use of skeletal anchorage systems has become a new orthodontic treatment strategy over the past de-cade. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Skeletal orthodontic anchorage systems provide stationary anchorage for various tooth movements without the need for active patient compliance and with no undesirable side effects.
Recently, titanium miniscrews have gradually gained acceptance for use in stationary anchorage because they provide clinical advantages such as minimal anatomic limitation on placement, lower medical cost, and simpler placement with less-traumatic surgery. [4] [5] [6] [7] [8] [9] [10] Half of patients who experienced screw insertion did not feel pain at any time after placement, and most patients reported minimal discomfort due to swelling, speech difficulty, and difficulty in chewing. 7 On the other hand, miniscrews provide the following disadvantages and risks: damage to anatomic structures such as dental roots, nerves, and blood vessels; the possibility of screw breakage on placement and removal; and screw failure with peri-implant inflammation. Success rates of miniscrews are reported as 80% to 95%. 7, 11, 12 Placement of miniscrews in the buccal interradicular bone is one of the most common approaches used to provide skeletal anchorage. [6] [7] [8] [9] [10] The interradicular space is a potentially advantageous region for insertion because the miniscrew would cause fewer com- 16 Wilson distalizing arches, 17, 18 removable spring appliances, [19] [20] [21] distal jet appliances, 22 intermaxillary elastics with sliding jigs, 23, 24 and pendulum appliances. 25, 26 However, these conventional techniques often are accompanied by unwanted side effects of flaring or mesial movement of the anterior teeth.
In contrast, the miniscrews provide sufficient anchorage for incisor retraction in Class II treatment without unwanted orthodontic side effects. With Class II treatment in premolar extraction cases, we previously showed that miniscrew anchorage could provide more effective incisor retraction than the traditional anchorage method in which a headgear and a transpalatal arch were used. 8 Apart from premolar extraction cases, these devices could provide special benefit in nonextraction cases in terms of retracting all dentition without producing adverse reciprocal movement. 9, 10 However, few reports have analyzed in detail maxillary molar distal movement resulting from insertion of miniscrews into the interradicular area.
The aims of this study were to quantify the treatment effects of interradicular miniscrew anchorage and to confirm the validity of its clinical usage for distal movement of the maxillary molars in nonextraction cases.
MATERIALS AND METHODS
Our study focused on 24 maxillary molars in 12 patients (1 male, 11 females; mean age, 28.2 years; standard deviation [SD], 11.3 years). Five of these had Class II malocclusion, four had Class I bimaxillary protrusion, and 3 had Class III malocclusion with severe mandibular excess ( Table 1 ). All Class III cases were indicated for maxillary molar distal movement for improvement of the flared incisors during presurgical orthodontic treatment. Between October 2003 and July 2006, all subjects underwent surgery at a university hospital for placement of titanium screw anchorage for edgewise treatment.
Before placement, the advantages and disadvantages of treatment were explained to each patient and to his or her parents when an implant anchor was con- sidered desirable for orthodontic treatment. All subjects gave informed consent after having received a full explanation of the goals and structure of the present study. The Ethical Review Board of the university hospital approved this study.
Two types of titanium screws (screw A [AbsoAnchor; Dentos Inc, Taegu, Korea]: diameter, 1.3 mm; length, 8 mm; screw head, 3 mm; and screw B [Gebrü der; Martin GmbH & Co, KG, Tuttlingen, Germany]: diameter, 1.5 mm; length, 9 mm) were used for absolute anchorage. With the subject under local anesthesia, the screws were inserted by one of two orthodontists after leveling and aligning. No mucoperiosteal incision or flap was made; screw holes were made with a 1.0 mm round bar and a twist drill at 500 rpm with continuous normal saline solution irrigation. Screws then were placed through the attached gingiva via a self-tapping method with continuous irrigation. Each screw was inserted 5 or 6 mm into the alveolar bone at an angle of 20 to 30 degrees to the long axis of the proximal tooth, and the head of the screw was adjusted to at least 2 mm above the mucosa. After placement, a dental radiograph was taken to evaluate the distance between the screw and the root.
Loading of screws began 4 weeks after placement. A 0.018 inch slot, preadjusted edgewise appliance was used in all patients. The orthodontic load was applied by elastic chains or nickel-titanium (Ni-Ti) closing coil springs, estimated at 200 g. A 0.016 ϫ 0.022 inch stainless steel wire was used during distal movement. Force was applied backward and upward as parallel to the occlusal plane as possible ( Figure 1 ). Pretreatment and posttreatment lateral cephalograms were used for analysis. Five angular and nine linear measurements were taken to evaluate skeletal and dental changes before and after orthodontic treatment (Figure 2 ). Pretreatment and posttreatment panoramic and dental radiographs were used to evaluate root resorp- tion in the maxillary incisor and the first molar. Four linear measurements and an arch length discrepancy were evaluated on dental casts to compare changes before and after treatment ( Figure 3 ). The Wilcoxon signed rank test was used to compare cephalometric measurements and cast analysis changes before and after treatment. A probability of P Ͻ .05 was considered significant. Analyses were carried out with statistical analysis software (StatView, SAS Institute Inc, Chicago, Ill). Table 2 . Mean treatment duration for molar distalization was 8.4 months (SD, 4.2 months). The crown of the maxillary molars was moved to the distal 2.8 mm (SD, 1.6 mm) with distal tipping of 4.8 degrees (SD, 4.5 degrees), and it intruded 0.6 mm (SD, 1.0 mm) based on the palatal plane. The root apex of maxillary molars was moved to the distal 1.2 mm (SD, 0.7 mm). The crowns of maxillary incisors were moved to the distal 2.7 mm (SD, 2.1 mm) with palatal tipping of 4.3 degrees (SD, 7.7 degrees); it extruded 0.2 mm (SD, 1.4 mm) based on the palatal plane (Table 2, Figure 4) . The root apex of the maxillary incisor was moved to the distal 1.1 mm (SD, 1.7 mm). The mandibular plane angle was unchanged. When pretreatment and posttreatment radiographs were evaluated, the maxillary incisor showed slight root resorption (0.2 mm; SD, 0.3 mm), but the buccal roots of the maxillary first molar showed no significant root resorption after treatment (Table 3) .
RESULTS

Study results are shown in
During cast analysis, no significant differences were seen in terms of coronal arch width and coronal arch length of canines and first molars ( Table 4 ). The first premolar coronal arch width was increased by approx- 
DISCUSSION
In the present study, we quantified the treatment effects of interradicular miniscrew anchorage and confirmed the validity of its clinical usage for the distal movement of maxillary molars in nonextraction cases. Park et al 9 previously reported that the maxillary first molars were moved to the distal by 1.64 mm with statistical significance in their study of group distal movement using miniscrew anchorage. However, only four subjects were studied, and in one of them, the miniscrew was placed in the palate. In addition, investigators did not address the root resorption, which is one of the side effects of molar distal movement that causes great concern. Therefore, a study in which a larger sample was used was necessary to investigate in detail the distal tooth movement of maxillary molars achieved with miniscrew anchorage placed in the buccal region.
In the present study, the maxillary first molar was moved to the distal by approximately 3 mm in cephalometric evaluations, and the acquired space was used to eliminate crowding and to retract incisors. Because canine and first molar coronal arch widths and lengths were stable during orthodontic treatment, the available arch length could be increased by molar distal movement without lateral expansion of the maxillary arch or maxillary incisor proclination.
In addition, distal movement of the molar often results in its extrusion and subsequent clockwise mandibular rotation in orthodontic mechanics. [24] [25] [26] However, in the present study, the mandibular plane angle was stable during treatment. Detailed observation revealed that the molar intruded by 0.6 mm, together with its distal movement. This suggests that clockwise rotation of the mandible could be prevented by intrusive force provided to the maxillary molars through the miniscrew. Subjects in the present study had various anterior-posterior skeletal relationships, but all had been given nonextraction treatment. The mandibular molars were not moved mesially and did not intrude; therefore, the authors believe that mandibular tooth movement did not influence mandibular position in the vertical dimension of this study. Park et al 9 also reported that the mandibular plane angle was stable during their group distal movement of maxillary dentition with the use of miniscrews. Hence, in nonextraction cases, miniscrew anchorage placed in the interradicular area might be more efficient for molar distal movement than traditional orthodontic methods.
Interradicular miniscrews have been shown to provide stationary anchorage for various types of orthodontic tooth movement. [6] [7] [8] [9] [10] However, miniscrews inserted into the interradicular space should not interfere with tooth movement when adjacent teeth are moved in an anterior-posterior direction. It is likely that extensive molar distal movement is difficult to achieve with interradicular miniscrews because the screws would come in contact with the surrounding root during tooth movement. We previously reported that proximity of miniscrews to the root is a major risk factor for the failure of screw anchorage. 27 To avoid close screw proximity to the surrounding root, we chose as the insertion site the buccal interradicular space between the maxillary second premolar and the first molar because several reports have indicated that the interradicular space is widest in the maxillary buccal region. 27, 28 In the present study, miniscrews with a 1.3 or 1.5 mm diameter were placed at 20 to 30 degrees to the long axis of the proximal tooth. In previous reports, distances between the mesiodistal central grooves of proximal teeth were calculated with a panoramic radiograph or three-dimensional computed tomography and were defined as interradicular distances. [28] [29] [30] Therefore, the interradicular distance might be longer than 3 mm in the buccal root area around screws that are placed at an oblique angle. Because of the implantation methods used, the maxillary molars in this study could be moved to the distal by approximately 3 mm without screw contact with the proximal root. In addition, Deguchi et al 29 reported that miniscrews placed at 30 degrees to the tooth axis had a 1.5 times greater contact area with the surrounding cortical bone than did those placed perpendicular to the tooth axis. This suggests that inserting miniscrews at an oblique angle might contribute to their stability.
Root resorption was observed statistically in the maxillary incisors; however, this was minor and was not a matter for clinical consideration. Miniscrew anchorage not only prevents flaring of maxillary incisors, an undesirable side effect of molar distal movement, but could cause significant distal movement of the incisors. No significant root resorption was achieved in the maxillary molars through significant molar distal movement. This suggests that the mechanism and the force system used in the present study were biologically adequate.
The anterior palate is a favored site for screw placement because it has an adequate bone mass; this conveys a low risk of damage to anatomic structures such as dental roots, nerves, and blood vessels. During the past two decades, a pendulum appliance combined with palatal implant anchorage has been introduced to move the maxillary first molar distally. [31] [32] [33] In these cases, a reaction force caused by molar distal movement is canceled out by implant anchorage, and the molars are moved to the distal by more than 5 mm without undesirable side effects on the anterior teeth and premolars. Disadvantages of palatal implant anchorage include the requirement for a complicated design and device, such as a pendulum appliance, to load the distal movement force onto the teeth, and with the need for complicated procedures to place and remove the implant. 34 The miniplate may also contribute any amount of group maxillary molar distal movement. Sugawara et al 35 reported that the maxillary first molars were moved to the distal by approximately 4 mm at the crown level with miniplate anchorage. However, the disadvantage of this technique is the requirement of a mucoperiosteal incision or flap surgery when the plates are placed and removed. Therefore, surgical invasiveness is not minor, and the medical cost is high. 9 For patients, desirable orthodontic treatment should provide a sufficient treatment effect with the use of a simple and straightforward device. Therefore, we recommend the use of miniscrew anchorage devices placed in the interradicular area for maxillary molar distal movement. However, long-term stability after treatment for molar distal movement achieved with skeletal anchorage devices in nonextraction cases is unknown. This is a topic for future study in implant orthodontics.
CONCLUSIONS
• Miniscrews placed in the maxillary buccal interradicular space between the second premolar and the first molar at an oblique angle were useful for moving maxillary molars distally in nongrowing patients.
• Molar distal movement was achieved without active patient compliance or with no undesirable side effects such as incisor proclination, clockwise mandibular rotation, or root resorption.
